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PACKING 

Technical Field 

The present invention relates to packing suit- 
ably used as gland packing to be used at a shaft seal- 
ing portion in a fluid apparatus. 

Background -Arfe- 

As the material of^gland packing used at/ for 
example, a shaft sealing portion in a fluid apparatus 
or the like, there is known a material using, as its 
base material, expanded graphite excellent in compres- 
sion-restoring force and sealing properties. 

"J he oAqaJI 

-€l cmd packing of such material is made by a com- 

A 

pression molding method of the laminate type, the die 
molding type, the tip molding type, the ribbon pack 
type^ or the like. Such gland packing should be pre- 
viously made in the form of a ring having an inner 
diameter corresponding to the outer diameter of a 
shaft to be sealed. Accordingly, the gland packing 

the 

cannot be used for a shaft of which^ outer diameter is 
not fit for the inner diameter of the ring-like pack- 
ing. Thus, such packing lacks versatility. Further, 
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the expanded graphite itself is poor in tensile 
strength and therefore fragile This makes it difficult 
to take out/ for replacement, such gland packing which 
has been mounted on a stuffing box or the like* Thus, 

5 the gland packing presents a problem in view of prac- 
tical utility. 

In addition, the respective types of the com- 
pression molding present the following problems. 

In the laminate- type, the yield is low, leading 

0 to increase in production cost. In the die molding 
type and the tip molding type, gland packing is molded 
with the use of molds, causing the production cost to 
be increased. Further, such gland packing lacks versa- 
tility. The ribbon pack type presents poor workabili- 

5 ty. , 

The problems a£>ovo^ mentioned 4 may be solved by 

making the expanded graphi~te^=in^the form of a stringvA 

CC bm]de<f pfitdMip^ ^ 

so that the s^tzringjyi-i-ke--expa4i^e^ graphite may be used 

as cut into a predetermined length according to the 

0 diameter of a shaft to be ^rrtl ~r\ s 1 i kr^wi n~ — braided ■ 

packing* . However, the expanded graphite itself^-ar s ap 

p arontly catcrpillar-LjJsQ particles, each of which is 

expanded in the direction of the C-axis of the crystal 

of a graphite particle. These^ < ca 4,cLpillaj. - likb ! 1 parti- 

5 cles as agglomerated may be compression-molded into a 
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sheet. However f the expanded graphite even made in 
such a sheet, is poor in tensile strength and there- 
fore fragile. Accordingly/ such a sheet cannot be cut 
> into yarn^-wxtrh — the — **&e — o£ — which , a braided body -3ts — fee* 

5 - be made . It is therefore not possible to apply such 

Ok 

expanded graphite to 4 packing which may be used as cut 
to a predetermined length according to the diameter of 
a shaft to be sealed and wound around the outer peri- 
phery thereof ^—LiJcjejflfisa/lbraided packing. 
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Summer*/ 7^ 
Dioolocurcr o^j Invention 


In view of the background art - abavo rmentionec^ 
the present invention is ^fepused wxLh Lho — o b je ct^ -e^r 


e 


A provid«^g- packing in the form of a string improved in 
15 practical utility and versatility. Aft.er*4»afti study of 
the arrangement of a j mifctfing ' yarn using expanded 

a w*/ * been 

* graphite, ^ -fcfae — inventor h as ,, found -a — way to make a 
^ ^CTrt^fe^rftg^ yarrr of expanded graphite ^,y_hondi^ig_expanded 
graphite to a reinfor cing j jtber yarn with adhesives, 
2 0 so that the synergistic action of the reinforcing fi- 


ber yarn and the expanded graphite gives, to the re- 
sultant^ knitting yarn, a great compression-restoring 
force, excellent sealing properties, and strong ten- 


sile strength and toughness. A plurality of such 
25j) kn - ±ttrtncy yarns may be put together to form a core mem- 
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ber and the core member may be then covered, at the 

outer periphery thereof, with a braided body of the 

a * Kuil/lin g yarns, thereby to make the assembly in the 

A form of a string. A plurality of such, 'knitfting yarns 
«> 

5 as put together may be braided in the form of a 
fk string. A plurality of such 4 knitting yarns as put to- 
gether may, be twisted in the form of a string. 


According to the packing of the present inven- 


tion, the strong tensile strength and toughness of the 
ft 10 reinforcing fiber yarns are given to the^ * kniti>in g 
a yarns. Thus, the^ - kuiuliug yarns may be braided or 
twisted without thC^axn^^!) It is therefore pos- 
sible to form a string-like packing in which the core 
Q member made of the^ knitting yarns is covered, at the 
15 outer periphery thereof, with a braided body of the 


■ knitting yarns. Further, the great compression-re- 
storing force and excellent sealing properties of the 
expanded graphite are given to the core member and the 
braided body, thus assuring such sealing properties as 
20 inevitably required for packing. 

^ Further, a plurality of such^ - knitting* yarns pro- 

vided with strong tensile strength and toughness may 
be put together and braided. It is therefore possible 
to form a braided body (as square-knitted) having 

25 strong tensile strength and toughness. The great com- 
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pression-restoring force and excellent sealing proper- 
ties of the expanded graphite are given to the braided 
body, thus assuring such sealing properties as inevit- 
ably required for packing. . 
5 Further, a plurality of such ^- knitting yarns 

having strong tensile strength and toughness may be 
put together and twisted. It is therefore possible to 
form a twisted string-like member having such strong 
tensile strength and toughness. In addition, the great 
10 compression-restoring force and excellent sealing pro- 
perties of the expanded graphite are given to this 
string-like member, thus assuring such sealing pro- 
perties as inevitably required for packing. 

15 Brief Description of Drawings 

Figure 1 is a perspective view, with portions 
broken away, of an embodiment of, packing in accordance 


with a first . invention; 


Figure 2 is a perspective view, with portions 

2 0 broken away, of an example of a dmitting yarn; 

Figure 3 is a perspective view of an embodiment 

VfljW *f **** 

of packing in accordance with a second^ invention ; 

Figure 4 is a perspective view of an embodiment 
^ of packing in accordance with a third^invention; 
2 5 Figure 5 is a perspective view of another exam- 
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pie of the„ tar - it ting * yarn; 

Figures 6 to 10 are views of various examples of 
a reinforcing fiber yarn; and 

Figures 11A, 11B and Figures 12A, 12B are views 

illustrating variations of the distances between 
brQid\A<x 

A knitti - ng yarns fed from bobbins and a knitting point 
in circular knitting and square knitting, respective- 
ly- 


u /fees4~*taae--f or caucTyiuy Out the inve ntion 

Fig. 1 is a perspective view, with portions 
broken away, of an embodiment of packing in accordance 
with a first^ invention . 

In Fig. 1, packing 1 comprises a core member 2 
and a braided body 3 covering the outer periphery of 
the core member 2, the braided body 3 being made by, 
for example, circular-knitting. The core member 2 is 
formed b/y longitudinally arranging a plurality of 
YnAt ti ng^ yarirs 4 as put together. The<braS?ded body 3 
is formed by circular- knitting the^ knitting yarns 4, 

As shown in Fig. 2, each^ M i J. L Liny yarn 4 com- 
prises a plurality of longitudinally arranged rein- 
forcing fiber yarns 4 0 made of, for example. cotton, , 
and e^ utorpillari-like expanded graphite 41^ integrally 
bonded to^oth. surface^ of the yarns 40 with adhesives 
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(for example, acrylic ester) (not shown). 

The cotton yarns used as the reinforcing fiber 
yarns 4 0 have, on the^, surface^ thereof, an infinite 
number of extremely short and fine fibers, i.e., so- 
called fuzz. This improves the adhesion of the adhe- 
sives. Accordingly, the reinforcing fiber yarns 40 and 
the expanded graphite 41 are securely bonded to each 
other to prevent the expanded graphite 41 from par- 
tially falling from the reinforcing fiber yarns 40. 

Thus, the^ kuiL Ling * yarns 4 are formed by inte- 
grally bonding, with adhesives, the expanded graphite 
41 to >l «b©^& surfaces of a plurality of longitudinally 
arranged reinforcing fiber yarns 4 0 made of, for exam- 
ple, cotton. The strong tensile strength and toughness 
of the reinforcing fiber yarns 4 0 are given to the 


fore possible to form a string-like member 5 in which 
the outer periphery of the core member 2 made of the 
kn it t i ng^y ar n s 4 is covered with the braided body 3 as 
obtained by circular- knit L in g the . kuiL Liny yarns 4. 
This string-like member 5 has characteristics excel- 
lent in tensile strength and toughness. Thus, this 
string-like member 5 may be used, as the packing 1, as 
cut to a predetermined length according to, for exam- 



may be braided without the yarns 4 


^cut . 


It is there- 
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ple, the diameter of a shaft to be sealed. This im- 
proves the packing 1 in versatility and practical uti- 
lity. Further, the great compression-restoring force 
and excellent sealing properties of the expanded 
5 graphite 41 are given to the core member 2 and the 
braided body 3 forming the packing 1. It is therefore 
assured that the packing 1 is provided with such 
excellent sealing properties as inevitably required 
for packing . 

10 Fig. 3 is a perspective view of ^ an embodiment of 

q yanQni- of- 

packing in accordance with a s econd^ invention . In Fig. 

A 

3, like parts are designated by like numerals used in 
Fig. 1 and the detailed description of such like parts 
is here omitted. 
15 In Fig. 3 , packing 1 is made in the form of a 


string-like member 5 made , of a braided body 3A as 
£r obtained by square jffipc fc iding eight ki% it ting yarns 4. 

The strong tensile strength and toughness of 
'reinforcing fiber yarns 40 are given to the^ knitting* 


20 yarns 4. Accordingly, the ^ Jtn i t ging yarns^^jnay^be 
braided (as square-knitted) without the ( yarns 4 cu jb^ 
Thus, the string-like member 5 may be made of the 
braided body 3A having characteristics excellent in 
tensile strength and toughness. It is therefore pos- 
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sible to use, as the packing 1, this string-like mem- 
ber 5 as cut to a predetermined length according to, 
for example, the diameter of a shaft. This improves 
the packing 1 in versatility and practical utility. 
Further, the strong compression-restoring force and 
excellent sealing properties of the expanded graphite 
41 are given to the braided body 3A forming the pack- 
ing 1. Accordingly, the packing 1 may be provided with 
such sealing properties as indispensably required for 
packing. 

Fig. 4 is a perspective view of an embodiment of 
packing in accordance with a third^ invention . In Fig. 
4, like parts are designated by like numerals used in 
Fig. 1 and the detailed description of such like parts 
is here omitted. 

In Fig. 4, ^.packing 1 is made in the form of a 
string-like member. 5. by roll-molding six ^knitting 1 
yarns 4 A ae — bound * while these A &JMr6%amg- yarns 4 are 
being twisted 2 0 times/m. 

The strong tensile strength and toughness of the 
reinforcing fiber yarns 4 0 are given to the^ luiiL Lin g ■» 
yarns 4. Accordingly, the - knittrin - g yarns 4 may be 
twisted without the yarns 4 cut. It is therefore pos- 
sible to form the string-like member 5 having strong 
tensile strength and toughness. Accordingly, this 
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string-like member 5 may be used, as the packing 1, as 
cut to a predetermined length according to, for exam- 
ple, the diameter of a shaft to be sealed. This im- 
proves the packing 1 in versatility and practical uti- 
lity. Further, the strong compression-restoring force 
and excellent sealing properties of the expanded gra- 
phite 41 are given to the twisted string-like member 5 
forming the packing 1. Accordingly, the packing 1 may 
be provided with such sealing properties as indispen- 
sably required for packing. 

In the foregoing, the description has been made 
of *tho expanded graphite 41 in yt < Hre — f uni t — &€ — caterpil^- 
■ lar^lilee particles. Alternately, there may be used 
expanded graphite sheets each of which is so cut as to 

have a small width of, for example, 5 mm or less. 

braids 

Alternately, each^niLLiuy 1 yarn 4 may be formed 

side 

by bonding the expanded graphite 41 only on one^ sur- 
face^ of a plurality of reinforcing fiber yarns 40 
with adhesives . 

Further, t h e^-k n - i - t fet - ng* yarns 4 may be used after 
twisted as shown in Fig. 5. 

The reinforcing fiber yarns 40 forming the 
A Rn it-ting yarns 4 may be made of, instead of cotton 
mentioned earlier, a single material which is selected 
from organic fibers such as rayon fibers, phenol fi- 
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bers, aramid fibers, PBI^fibers, PTFE 4 fibers, PPS-tfi- 
bers, PEEK 4 fibers and the like, which is selected from 
inorganic fibers such as glass fibers, carbon fibers, 
ceramic fibers and the like, or which is selected from 
metallic line members such as line members of stain- 
less steel, Inconel, monel metal and the like. 

The inorganic fibers and the metallic line mem- 
bers present no fuzz on the surfaces thereof, and are 
therefore slightly inferior in adhesion^^f- the adhe- 
sives to the organic fibers. However, the proper 
selection of the adhesives enables the reinforcing 
fiber yarns 4 0 and the expanded graphite 41 to be 
bonded to each other in a relatively secure manner. 
This prevents the expanded graphite 41 from partially 
falling from the reinforcing fiber yarns 40. In the 
Qui t ting * yarns 4 made of such inorganic fibers or 
metallic line members, the tensile strength is con- 
siderably improved as compared with the - knitting * yarns 
4 made of the organic fibers. 

Figs. 6 to Fig. 10 respectively show modifica- 
tions of the reinforcing fiber yarn 40. 

In Fig. 6, the reinforcing fiber yarn 4 0 is made 
by twisting a yarn 4 OA made of a single material 
selected from the organic fibers mentioned earlier 
(cotton or aramid), and a yarn 40B made of a single 
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material selected from the inorganic fibers and metal- 
lic line members mentioned earlier (glass fibers , car- 
bon fibers or stainless steel line members). This 

d reinforcing fiber yarn^ 4 0 may be improved in tough- 
5 ness and adhesion of adhesives by the organic fibers , 
and also improved in tensile strength and toughness by 
the inorganic fibers or metallic line members. 

In Fig. 7, the reinforcing fiber yarn 4 0 com- 
prises (i) a yarn 4 OB made of at least one material 

10 selected from the inorganic fibers and metallic line 
members mentioned earlier (glass fibers, carbon fibers 
or stainless steel line members), and (ii) short fi- 
bers 6 made of a single material selected from the 
organic fibers mentioned earlier (cotton or aramid) , 

15 the short fibers 6 covering the surface of the yarn 
4 OB. This reinforcing fiber yarn 40 may be improved in 
toughness and adhesion of adhesives by the covering 
layer of the short fibers 6, and also improved in ten- 
sile strength and toughness by the yarn 4 OB made of at 

20 least one material selected from the inorganic fibers 
and the metallic line members. The short fibers 6 
forming the covering layer may be made of a composite 
short fiber yarn containing, in combination, fibers 
made of two or more types selected from the organic 

25 fibers. 
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In Fig. 8, the reinforcing fiber yarn 4 0 com- 
prises a yarn 4 OB made of at least one material 
selected from the inorganic fibers and metallic line 
members mentioned earlier (glass fibers , carbon fibers 
5 or stainless steel line members), this yarn 40B being 
covered with, for example, pulp sheet-form 7. This 
reinforcing fiber yarn 4 0 may be improved in toughness 
and adhesion of adhesives by the covering layer of the 
pulp sheet-form 7, and also improved in tensile 

10 strength and toughness by the yarn 4 OB made of at 
least one material selected from the inorganic fibers 
and the metallic line members. 

In Fig. 9, the reinforcing fiber yarn 4 0 is made 
by knitting either a yarn 40A made of a single materi- 

15 al selected from the organic fibers mentioned earlier 
(cotton or aramid) or a yarn 4 OB made of a single ma- 
terial selected from the inorganic fibers and metallic 
line members mentioned earlier (glass fibers, carbon 
fibers or stainless line members). This reinforcing 

2 0 fiber yarn 4 0 may be improved in adhesion of adhesives 
by the concavo-convex knitted portions in the knit 
structure thereof. Further, the stretching properties 
of the knit structure itself may absorb a tensile 
force. This results in increase in tolerance for 

25 stretching, thus improving ^fee- toughness. 
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In Fig. 10, the reinforcing fiber yarn 40 com- 
prises (i) a plurality of longitudinally arranged fi- 
bers 4 OB in parallel to one another, made of a single 
material selected from the inorganic fibers and metal - 
5 lie line members mentioned earlier (glass fibers, car- 
bon fibers or stainless steel line members), and (ii) 
fibers 4 OA made of a single material selected from the 
organic fibers mentioned earlier (cotton or aramid) , 
the fibers 40A being entangled with the fibers 40B so 

10 that the fibers 4 OB are maintained in parallel with 
one another. This reinforcing fiber yarn 4 0 may be 
improved in toughness and adhesion of adhesives by the 
organic fibers, and also improved in tensile strength 
and toughness by the inorganic fibers or the metallic 

15 line members. 

The strong tensile strength and toughness of the 
* braid* 
p reinforcing fiber yarns 4 0 are given to the^ knit - tang 

^ yarn 4. Thus, the^ knitting yarns 4 may be readily 
braided or twisted without the yarns 4 cut. More 

20 specifically, when carrying out circular-knitting 
^ while drawing out the^ - knittir t g yarns 4 from a plural- 
ity of bobbins 9 adapted to be moved along loci shown 
by broken lines as shown in Figs. 11A and 11B, there 
is produced a small difference between the distance la 

2 5 between a knitting point P and each pf the bobbin 9 as 


located in the^ mostoutcr parts of one locus, and the 
distance lb between the knitting point P and each of 
the bobbins 9 as located in the^ i B ootimnor parts of the 
other locus. In this case, a relatively small tensile 
force is applied to the^ knittamg yarns 4, so that the 
yarns 4 may be readily braided. On the other hand, 
when carrying out square-knitting while drawing out 
the ^knitting - yarns 4 from a plurality of bobbins 9 
adapted to be moved along diagonal loci shown by 
broken lines as shown in Figs. 12A and 12B, there is 
produced a great difference between the distance la 
between a knitting point P and each of the bobbins 9 
as located in the ^mo c touto g parts of one locus, and 
the distance lb between the knitting point P and each 
of the bobbins 9 as located in the center parts of the 
other locus. In this case, a relatively great tensile 
force is applied to the ^knitting , yarns 4. Even in this 
case, the yarns 4 may be braided. 


Industrial Applicability 

In packing using expanded graphite as a base 
material, the present invention eliminates a need for 
provision of a variety of annular packings according 
to the diameters of shafts to be sealed, as conven- 
tionally required for molded packing made of expanded 
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graphite. The packing of the present invention has not 
only such sealing properties as inevitably required 
for packing, but also strong tensile strength and 
toughness. Thus, the packing of the present invention 
5 may be suitably used as gland packing or a sealing 
member for static members. 


